Introduction
============

Heart failure is a complex clinical syndrome caused by systolic or diastolic dysfunction of heart. Heart failure is a global pandemic worldwide and is even increasing in prevalence. Despite advances in treatments and prevention, mortality and morbidity of heart failure are still high. B-type natriuretic peptide (BNP) is an established diagnostic and therapeutic marker of heart failure. BNP is generated from myocardium primarily following mechanical stimulation of the ventricular myocardium. BNP-guided therapy is considered to be useful for managing heart failure. A higher BNP at discharge was found to be related to a higher incidence of re-hospitalization for heart failure ([@B1]-[@B5]). However, there are miscellaneous causes of elevated levels of BNP, which include both cardiac and non-cardiac causes ([@B6]). We herein report a patient with heart failure complicated with hyperthyroidism with a discrepancy between the clinical course and the BNP levels.

Case Report
===========

A 35-year-old Japanese man was emergently admitted to our hospital with chief complaints of palpitation and dyspnea that had started a month prior to presentation. He had been treated medically for Basedow\'s disease since the age of 28. The patient has discontinued the treatment approximately six months prior to presentation. One week prior to his admission, he had visited a local physician, and the treatment of his hyperthyroidism was resumed, which resulted in no improvement of his symptoms.

A physical examination upon admission revealed the following: height 173.0 cm, body weight 73.3 kg, body mass index 24.5, Glasgow Coma Scale 15, blood pressure 125/89 mmHg, heart rate 183/min, body temperature 36.5℃, and respiratory rate 20/min. Cardiac auscultation revealed irregular heart sounds and a Levine ΙΙ/VΙ systolic murmur with the point of maximum intensity located at the apex. Moist rales were auscultated over the lower lung fields. Edema in the lower extremities was also present.

Chest X-ray showed bilateral lung congestion, dullness of the costophrenic angle and cardiomegaly with a cardiothoracic ratio of 58%. His electrocardiogram revealed atrial fibrillation with a heart rate of 175/min and an inverted T wave in V~5~ and V~6~. Blood examinations indicated an elevated white blood cell count, slight anemia (hemoglobin concentration 12.4 g/dL; hematocrit 39.4%) and hyperthyroidism (free T~3~ 12.33 pg/mL, free T~4~ 4.24 ng/dL and undetectable levels of thyroid-stimulating hormone). His BNP level was 800.6 pg/mL. Echocardiography revealed a reduced left ventricular systolic function with a left ventricular ejection fraction (LVEF) of 26%, severe functional mitral regurgitation, moderate tricuspid regurgitation, a high estimated right ventricular systolic pressure (RVSP) of 60 mmHg, bilateral atrial enlargement and distended inferior vena cava without any changes in his respiratory status.

Upon admission, he was diagnosed with acute decompensated heart failure, atrial fibrillation with a rapid ventricular response and thyrotoxicosis. We managed his hyperthyroidism with thiamazole accompanied by treatment for heart failure using beta blockers, diuretics and anti-coagulants. On the 14th day of admission, the BNP level remained high despite compensation for the heart failure, improved echocardiographic findings (LVEF 48%, moderate MR and RVSP 49 mmHg) and a well-controlled ventricular rate of atrial fibrillation while hyperthyroidism still existed ([Figure](#g001){ref-type="fig"}). The BNP level and thyroid status along with heart failure were carefully followed during the clinical course after discharge. There were no clinical findings of exacerbated heart failure, and the BNP levels gradually decreased with an accompanying improvement in his hyperthyroidism. At his 9-month follow-up examination, his BNP level was 22.8 pg/mL, and no hyperthyroidism was found, with an improvement in his LVEF from 26% to 53%.

![Changes in the clinical findings, B-type natriuretic peptide level and thyroid status before and after the initiation of treatment for heart failure and hyperthyroidism. The B-type natriuretic peptide level remained high, accompanied by persistent hyperthyroidism despite an improvement in the patient's decompensated heart failure.](1349-7235-57-1747-g001){#g001}

Discussion
==========

We herein report a patient with heart failure complicated with hyperthyroidism with a discrepancy between the clinical course and the BNP levels. BNP-guided therapy is considered to be useful for managing heart failure. A higher BNP at discharge was found to be related to a higher incidence of re-hospitalization for heart failure ([@B1]-[@B5]). In our patient, the BNP level remained relatively high despite improvement in his heart failure, including the symptoms and examination findings. However, on the 14th day of admission, the thyroid function was still high although his thyrotoxicosis had improved. Thyrotoxicosis is a life-threatening condition, although its incidence is not very high ([@B7]), and it is often accompanied by heart failure (estimated incidence of approximately 40%) ([@B8]).

Previous reports have described a relationship between the BNP levels and thyroid hormones. Ertugrul et al. reported that BNP and thyroxine were positively correlated in patients without heart failure or cardiac disease ([@B9]). In that report, the BNP level was approximately four-fold higher in patients with hyperthyroidism than in other subjects in a euthyroid state.

The mechanism underlying the association between BNP and thyroid hormones has not been fully elucidated. BNP is generated from myocardium primarily following mechanical stimulation of the ventricular myocardium. BNP is produced rapidly through mRNA synthesis if proper stimuli exist. These stimuli are mainly excessive stretching of the myocytes rather than transmural pressure loading ([@B10],[@B11]). However, thyroid hormones can stimulate the secretion of BNP. Previous experimental studies have shown that free T~3~ hormone directly stimulates the secretion of BNP from myocardial cells via an increase in the gene expression of BNP ([@B12],[@B13]). These studies might explain the discrepancy between the clinical improvement of heart failure and the BNP level in our patient.

General management of heart failure usually involves a systemic evaluation, including the severity of symptoms, physical findings, and grade of fluid retention on chest X-ray, as well as an evaluation of the echocardiographic findings and serum BNP level. Nevertheless, in heart failure patients complicated with hyperthyroidism, the relationship between the clinical course and BNP level needs to be carefully interpreted and monitored.
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